Previous studies of the effects of parity and social isolation on maternal behaviour in guinea pigs were either concerned with subsets of maternal behaviour or based their conclusions on small data sets. The aim of the present experiment was to give a more detailed and complete description of maternal behaviour, including the effects of the sex of the pups on maternal behaviour. Three groups of females -multiparae (n = 23), primiparae (n = 8), and hand reared (primiparae) (n = 8) -were compared with regard to a number of measures for maternal behaviour. Differences among the three groups were fairly small, multiparae were more active in grooming during the rst 10 days, admitted ventrum contact more often and approached and left the pups less often between days 14 and 24. Hand reared primiparae did not differ from mother reared primiparae.
INTRODUCTION
The literature on the maternal behaviour of the guinea pig is based on a number of descriptive studies and some causal studies. H ARPER (1976) reviewed maternal behaviour of the guinea pig summarizing the maternal care as 'minimal'. ROOD (1972) , KUNKEL & KUNKEL (1964) , KING (1956) and COULON (1982) provided qualitative descriptions. PETTIJOHN (1978) examined the development of social behaviour in young guinea pigs and also commented on maternal behaviour. KÖNIG (1985) examined the effect of parity comparing 4 primiparous mothers with 5 multiparous mothers and found no effect of parity on the amount of time spent on brood care activities. HENNESSY & JENKINS (1994) , who made a descriptive analysis of nursing behaviour, also failed to nd effects of parity, but used only 3 primiparous mothers and 3 multiparous mothers. STERN & HOFFMAN (1970) examined the effects of social isolation until adulthood on maternal behaviour and concluded that social isolation did not cause differences in nursing time, nursing posture and puporiented responses. They were confronted, however, with a high mortality among their subjects leaving them not only with a small sample (5 out of initially 16) but possibly with a selected sample as well.
Similarly, BERRYMAN & FULLERTON (1976) were unsuccessful in establishing an effect of the sex of the pups on maternal behaviour due to a small number of subjects. According to the general theory on parental investment and sexual selection it would be expected that guinea pig mothers behave differently towards male and female offspring (TRIVERS, 1972) .
From these studies it is dif cult to deduce an overview of maternal behaviour of the guinea pig. Due to the different aims of the various studies there is little overlap in the parameters that were used. B ERRYMAN & FULLERTON (1976) recorded only suckling and approach related locomotion. STERN & HOFFMAN (1970) limited their description of maternal behaviour to the amount of time spent in the nursing posture and on anogenital licking of the pups. KÖNIG (1985) and PETTIJOHN (1978) did not consider the functional difference between licking the anogenital region and licking the fur and lumped both with grooming into one behavioural parameter. HENNESSY & JENKINS (1994) also did not differentiate between licking the anogenital region and licking other body parts.
To prepare for future studies on the in uence of maternal behaviour on the behaviour of the pups we wanted to describe the maternal behaviour of the guinea pig more fully and take away doubts resulting from the small numbers of subjects used in earlier studies. In order to do so we replicated several parts of the previous studies within one experimental design. Observations were made regularly from birth until weaning. We compared three groups of mothers with their young: multiparous, primiparous, and hand reared mothers. In comparison to the previous studies the present study provides a more detailed and complete ethogram. Aspects that were previously noticed in different studies are combined and made compatible.
MATERIAL AND METHODS

Animals and Maintenance
39 adult female guinea-pigs were used as subjects. All animals were laboratory reared from an outbred colony. At the start of the observation period the primiparae had an average age of 4.2 months (st.dev. 1.0). They were not inseminated until they had reached 50 days of age. This prevents them from becoming pregnant from their rst oestrus, which often leads to litters of just one or two pups. The multiparae were between 6 and 30 months old with an average age of 11 months (st.dev. 5.0). All females were housed in mixed sex groups until pregnancy could be established. Then the males were removed and the females were housed in small groups until about three days before the expected delivery. Delivery occurred in a steel observation cage (1.3´0.4´0.4 m, see g. 1) with a Plexiglas front. Solitary housing shortly before delivery was needed to avoid confusion over pups if more than one litter had been born at the same time.
All cages had wood chips for bedding. Pelletized food (Complete Cavy diet, Hope farms B.V., Woerden, The Netherlands) and water were present ad libitum. Hay and apple were regularly presented in a standard way; presentations were timed in such a manner that this did not interfer with video registrations. Room temperature was 19-22 degrees Celsius. Lights were on from 0.30 A.M. until 0.30 P.M. During the dark-period red lights enabled video-registration.
Rearing conditions
Hand rearing was performed in identical cages as described before except for one wall which was heated (34 degrees Celsius) to imitate maternal warmth. Maternal milk was replaced by an ordinary 'coffee creamer' (Friesche vlag goudband), a relatively fat milk supplemented with vitamin C, which was accessible from a container with a latex teat. After being manually confronted with the teat during the rst couple of days, the pups readily learned to drink at will without assistance. Solid food and water were present ad libitum. Hand-rearing procedures were performed from maximally 12 hours after birth (as soon as birth was established) until day 20. Pups were reared in groups of 2 or 3 individuals.
Although hand-reared pups grew somewhat slower than mother-reared pups, their weights were equal or higher than the stragglers of the motherreared pups. None of the hand-reared pups died and eight out of nine became pregnant. (The ninth did become pregnant several months after we had nished the experiment.)
The other two groups were mother reared in identical cages and weaned at day 20. The primiparous mothers originated from 6 litters, the multiparous mothers originated from 20 litters and the hand-reared primiparous originated from 7 litters. Selection of the subjects was made at random.
Design and Procedures
The behaviour of 8 primiparous, 23 multiparous and 8 hand reared (primiparous) mothers was video taped 80 minutes on days 5, 7, 10, 14, 17, 21, and 24 after delivery (day 0) between 11.00 A.M. and 3.00 P.M. Maternal behaviour was continuously registered. Registration of pup behaviour was limited to those behavioural elements that were relevant to the interpretation of the maternal behaviour. In addition, some nonmaternal behavioural elements were scored to get a rough picture about the time-budgets of the mothers. Furthermore the locations of mother and pups were recorded every minute.
We used only 10 of the 23 multiparae for the purpose of a general description of maternal behaviour as many behavioural elements involving pups actively interacting with the mothers were too laborious to be worked out for all subjects. For these 10 animals video registrations were also made on day 3 and the ethogram of these 10 was expanded with a number of behavioural elements to enable conclusions about initiative of approach and distinctive behaviour of the mother towards the sexes (see parameters).
For the purpose of comparing multiparous with primiparous mothers all 23 multiparous subjects were scored according to the same protocol as used for the primiparous subjects.
Parameters
Maternal behaviours: 1) Admit ventrum contact: a pup is positioned such that its snout contacts mothers ventrum longer than 10 seconds and milk could be drunk (see e.g. SCHIML & HENNESSY, 1990) (frequency). 2) Refuse ventrum contact: a pup tries to contact mothers ventrum but is not allowed to do so for longer than 10 seconds (frequency). 3) Allogrooming. 4) Snif ng the pups' fur (frequency). 5) Anogenital snif ng: snif ng of the anogenital region of the pup (frequency). 6) Anogenital licking: licking of the anogenital region of the pup (frequency).
7) Nose-nose contact between mother and pup (frequency). 8) Aggression, a summation of pushing, boxing and cause ight (frequency). 9) Leave, mother leaves pup(s) (frequency). 10) Approach, mother approaches pup(s) (frequency). 11) Lead, mother walks without a change in distance between her and the pups (frequency). 12) Walking distance of mother (m). 13) Duration of ventrum contact (1) (% observation time). 14) Duration of anogenital licking (6) (% observation time).
Duration of non-maternal behaviours: 15) Eating (% observation time). 16) Drinking (% observation time). Parameters (also) measured on pups: 17) Distance between mother and pups (m). 18) Pup approaches mother (only for pups of 10 multiparae). 19) Pup leaves mother (only for pups of 10 multiparae). Compositions: 20) Ratio of ventrum contact: 1/ (1 + 2). 21) Initiative approach: 18/ (18 + 10) (only for 10 multiparae). 22) Initiative leaving: 19/ (19 + 9) (only for 10 multiparae). For the parameters 1-10, 13 and 14 it is determined whether the mother behaves differently towards the sexes (only for 10 multiparae) by examining the ratio of "behaviour towards male pups"/"behaviour towards all pups".
Data preparation and statistics
As maternal behaviour changes between delivery and weaning the observational data were divided in two periods: period I -days (3), 5, 7 and 10-and period II -days 14, 17, 21 and 24-. The caesura has been put between day 10 and day 14 as from day 10 on sex differences start to appear in the behaviour of the pups related to testosterone levels in the blood (HORNSCHUH & SACHSER, 1995) . This procedure effectively reduced variance.
To test for differences between the three groups a Kruskal-Wallis statistic was used, followed by a Mann-Whitney-U as post-hoc (with alpha adjusted to 0.025 for signi cance). Differences in maternal behaviour towards male and female pups within litters were tested with Wilcoxon's matched pairs signed rank test. Least squares linear regression was used when examining the change in behaviour as a function of time.
RESULTS
A) Description of (multiparous) maternal behaviour
Multiparae were used as the standard in the description of maternal behaviour.
The main part of the maternal behaviour of the guinea pig consist of admitting ventrum contact. Other care giving behavioural elements as grooming and snif ng fur are low in frequency. The average bout length of ventrum contact was 2 ¢ 06 ¢¢ . There was a signi cant decrease in duration of ventral contact from day 3 on (r = 0.95, r 2 = 0.90, p < 0.01 twotailed, Least squares linear regression see g. 1). The amount of ventrum contact admitted on day 24 coincides with the 95% con dence interval limit suggesting an extra decrease at the reported weaning age (see g. 1).
Mostly during ventrum contact mothers spent a small amount of time on licking the anogenital region of individual pups (see table 1). Anogenital snif ng occurred less than once per observation.
For 10 multiparous mothers it was shown that the amount of time spent licking decreased exponentially with time (an exponential decay curve tted better than a linear regression model: p < 0.01, F test.) Notably female pups received more anogenital licking on days 14 (p < 0.01) and 17 (p < 0.05, n = 10, two-tailed, Wilcoxon's matched pairs signed rank test see g. 2). The decay curves for both sexes were different (Student t-test, p < 0.05).
Aggressive behaviour (push, box and cause ight) of the mother against the pups was mild and not frequent. Aggression increased over the whole of the observational period (r = 0.93, r 2 = 0.87, p < 0.01, two tailed, Least squares linear regression see g. 3). Aggression on day 24 was above the 95% con dence interval suggesting an extra increase in the weaning period (see g. 3).
For ten litters the ratios of approaching and leaving between mothers and pups were computed. From these ratios we derived that during period I pups left mothers 1.67 (st.d. 0.60) times as often as mothers left pups. Pups also approached mothers 4.29 (st.d. 0.86) times as often as mothers approached pups. In period II pups left mothers 3.07 (st. d. 0.69) times as often as mother left pups and pups approached mothers 7.33 (st.d. 0.94) times as often as mother approached pups.
Mothers do not make a distinction between the sexes for any of the behavioural elements in any period, except for anogenital licking as described earlier. Behavioural elements directed towards male or female pups within the litter never differed signi cantly (Wilcoxon's matched pairs signed rank test, n = 10, p > 0.05, two tailed, the tested behaviours were numbers 1-10 + 13 and 14). In table 1 average scores and standard deviations of the behavioural parameters not mentioned sofar are presented.
B) Difference between types of mothers
No signi cant difference between types of mothers was found with regard to litter size. Litter sizes for all groups ranged between 2 and 4 pups with averages from 3.00 to 3.12 pups. In table 1 the results of the behavioural parameters tested are presented with the p-value's, corresponding averages and standard deviations. Differences between types of mothers were relatively small and mostly restricted to period II. Multiparous mothers were somewhat more active than primiparous mothers. In Period I they had more nose-nose contact, groomed more often, and sniffed fur more often than primiparae. Multiparous mothers also showed more grooming than hand-reared mothers. In period II multiparae walked less often than primiparous or hand-reared mothers. They admitted ventrum contact more often than primiparae and handreared mothers, and sniffed fur more often than primiparae.
Except for anogenital licking in period II there were no differences between primiparae and hand reared primiparae. Hand-reared mothers licked the anogenital region less often than multiparae and primiparae did, and for a shorter duration. With regard to the general time-budget hand-reared mothers drank less long than multiparae and primiparae which became more pronounced in period II.
DISCUSSION
In the present study data are presented on elements of maternal behaviour of the guinea pig that either did not receive attention in previous work or have not been reliably assessed. The quantitative aspects of occurrence of maternal behaviour in the present study are in accordance with previous studies. All authors agree on a lactation period of about three weeks (HARPER, 1976; KÖNIG, 1985; KUNKEL & KUNKEL, 1964; PET-TIJOHN, 1978; ROOD, 1972) . Correspondingly the parameters admitting ventrum contact, grooming, and anogenital licking decreased towards the end, while aggression increased.
In most previous studies behavioural elements are lumped to form categories to answer speci c questions. In the case of lumping 'licking the anogenital region' and 'licking the fur' this is particularly unjusti ed as these behaviours are considered to be functionally different. Pups specifically present themselves to be anogenitally licked and the licking seems to stimulate defecation and urination (BEACH, 1966) . This functional difference is also known for other species (e.g. rats, MOORE & POWER, 1992) . By making this distinction we were able to observe an interesting phenomenon. Although in general mothers did not behave signi cantly different towards their male pups in comparison to their female pups, they did so for one behavioural element: anogenital licking. Female pups were licked more than male pups on days 14 and 17. It could not be assessed, however, whether the difference we found was caused by male pups presenting themselves less often to be licked than female pups. B ERRYMAN & FULLERTON (1976) did not nd an effect of the sex of the pups on maternal behaviour, and ascribed this to their small data set. On theoretical grounds, however, one would expect mothers to make a distinction between the sexes of their pups as there is sexual dimorphism in this species and guinea pigs have a polygynic mating system (T RIVERS, 1972). Mothers making such a distinction by anogenital licking have also been described in rats (MOORE & POWER, 1992) . The fact that in our study the distinction between the sexes occurs in period II, where male pups start to behave different from female pups might hint in the direction of an androgen dependency. Olfactory cues are important for this behaviour in rats (MOORE & POWER, 1992) and as testosterone levels in males start to rise from day 10 on, and affects both male behaviour and the production of male pheromones, it might be that in guinea pigs androgen dependent pheromones from the perineal glands inhibits maternal licking.
Our ndings with respect to effects of hand rearing are in agreement with the ndings of STERN & HOFFMAN (1970) . We conclude that hand rearing has little effect on maternal behaviour. We only found that hand reared primiparae showed less anogenital licking than mother reared primiparae. We replicated the experiment of Stern and Hoffman because in their experiment only 7 of the initial 16 animals survived and only 5 of these 7 became pregnant. So the 5 survivors could be a selected group. Curiously hand-reared mothers also spent less time drinking, which is a general behaviour not necessarily related to maternal behaviour. We do not have an explanation for this phenomenon.
With regard to parity we found that both groups of primiparae differed from multiparous mothers, which is in disagreement with previous reports that mention no effects of parity (HENNESSY & JENKINS, 1994; KÖNIG, 1985) . Multiparous mothers were more active in allogrooming, snif ng fur and nose-nose contact in period I. In period II multiparous mothers walked less and admitted ventrum contact more often. The two latter differences may be related because during walking no contact with the ventrum is being made. The larger data set used in this study is the most obvious explanation for the difference with the previous studies. HENNESSY & JENKINS (1994) used only three multiparae and three primiparae and a statistic that is not valid with such small numbers. The ndings of KÖNIG (1985) are disturbed by an interfering variable: litter size. Her primiparous litters had on average 1 pup less than her multiparous litters. This is probably the result of another interfering variable: age. If guinea pigs are bred with on their rst oestrous they are still very small and have litters of only one or two pups. We overcame the problem of small litters by breeding with females of at least 50 days of age when they were somewhat more outgrown (but still young enough to avoid birth problems caused by the pelvis becoming rigid). It must be noted though that the design used in this study (and in the previous studies) can not separate an age effect from an effect of parity.
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